Background
==========

Diabetes mellitus is a major health concern worldwide with increasing prevalence.[@b1-amep-8-675] Approximately 29.1 million of US population is affected by diabetes.[@b2-amep-8-675],[@b3-amep-8-675] The high prevalence of diabetes and its associated complications including cardiovascular disease, nephropathy, blindness, neuropathy, and lower extremity amputations substantiate the burden of the disease.[@b4-amep-8-675] Hospitalizations and hospital stay days are increased among patients with diabetes when compared with patients without diabetes.[@b5-amep-8-675] Approximately 20% of all hospitalizations in the US in 2008 involved patients with diabetes regardless of admission diagnosis.[@b6-amep-8-675] Furthermore, patients with diabetes had longer and more costly hospital stays.[@b6-amep-8-675] Hospital discharges in 2014 included 7.2 million adults with diabetes as a listed diagnosis.[@b7-amep-8-675] In a 2016 position statement by the American Association of Diabetes Educators (AADE), the importance of diabetes self-management education and support (DSMES) in improving patient care and recovery and reducing hospital costs was emphasized.[@b8-amep-8-675]

The AADE recommends that all inpatient teams include a diabetes educator to guide and support patients and their families on diabetes self-management during diabetes- or hyperglycemia-related hospitalizations.[@b8-amep-8-675] The 2017 National Standards for DSMES highlight the importance, demonstrated benefits, as well as underutilization of DSMES in diabetes care.[@b9-amep-8-675]

An article by Nettles stated that healthcare providers can utilize accessibility to hospitalized patients with diabetes as an opportunity to further educate them regarding diabetes self-management.[@b10-amep-8-675] Institutions that executed this demonstrated a decrease in all-cause hospital readmissions within 30 days, an improvement in medication adherence after discharge, lower hemoglobin A1C 3--6 months after discharge, and better glycemic control 1 year after discharge in patients newly discharged on insulin.[@b11-amep-8-675]--[@b14-amep-8-675] These outcomes are correlated with both improved quality of life and decreased healthcare utilization and costs, further demonstrating the importance of DSMES through the availability of knowledgeable inpatient diabetes educators.[@b15-amep-8-675]--[@b17-amep-8-675] A pilot study showed that diabetes education during hospital stay has the potential to improve blood glucose and treatment satisfaction.[@b18-amep-8-675]

Medical students are in prime position to provide such education, but studies suggest that further training is necessary to adequately provide these services in the inpatient setting. Shahla et al used a questionnaire to assess medical professional and medical student knowledge regarding diabetes. This study demonstrated that there was room for improvement in knowledge base among all groups assessed with medical students having the lowest scores, an average of 59% of questions answered correctly.[@b19-amep-8-675] George et al demonstrated trainee doctors' lack of confidence in the management of diabetes and that \>70% of participants required additional training in this area.[@b20-amep-8-675] In addition, a study by Lansang and Harrell demonstrated that fourth-year medical students had inadequate knowledge of inpatient diabetes management and suggested designing a curriculum to facilitate training to teach this information.[@b21-amep-8-675]

In a previous study by our group, the first- and second-year medical students' confidence in specific areas related to providing DSMES significantly increased following participation in the preclerkship diabetes-specific optional course (Diabetes Enrichment Elective).[@b22-amep-8-675] Our current study is to expand the previous study results by discussing qualitative effectiveness of various training modalities implemented including participation in a preclerkship optional elective in diabetes mellitus and/or in a 3-hour endocrinologist-led inpatient DSMES training with or without involvement in related inpatient volunteer activities on improving medical student confidence in providing DSMES to hospitalized patients with diabetes when compared to students who did not receive such training.

Methods
=======

Students enrolled in the College of Medicine -- Tucson, the University of Arizona, have the opportunity to develop and/or participate in community service groups under the Commitment to Underserved People (CUP) program. A diabetes-focused CUP program was developed by three medical students in 2015 entitled Diabetes Education, Prevention, and Outreach (DEPO). In an attempt to supplement fellow medical students' practical knowledge and comfort with regard to discussing diabetes self-management with patients, various educational/training programs as well as an inpatient volunteer program were developed by the DEPO CUP program.

The educational/training programs developed included an optional 7-session Diabetes Enrichment Elective taught by an interprofessional team of educators including pharmacists, dietitians, endocrinologists, and nurses. The suggested curriculum outlined by Standard 6 of the American Diabetes Assosiation National Standards for DSMES was used as a guide for the topics covered in this enrichment elective.[@b23-amep-8-675] The sessions provided included information regarding diabetes overview and medications, insulin pump therapy, proper insulin administration/use, exercise/fitness, and healthy eating ([Table 1](#t1-amep-8-675){ref-type="table"}). The process of developing this optional enrichment elective is detailed in a previous article.[@b22-amep-8-675]

A second training program was developed in order to prepare students to participate in inpatient DSMES volunteer program. This training program was a 3-hour endocrinologist-led session that included education on various aspects of DSMES including the management of hyperglycemia/hypoglycemia, sick day diabetes management, physical activity, eating habits, blood glucose monitoring, and various available patient education resources. Those students who completed the 3-hour endocrinologist-led training session were provided the opportunity to participate in inpatient DSMES volunteer program/activity at Banner -- University Medical Center Tucson, an academic medical center. This volunteer activity consisted of discussing diabetes self-management with patients with diabetes regardless of their admission diagnosis. This provided the students with the opportunity to have one-on-one interactions with patients with diabetes in the inpatient setting and use the knowledge/skills they had gained in order to assist patients in a clinical setting.

In our previous study, we evaluated the effectiveness of the Diabetes Enrichment Elective during its first year of implementation using a retrospective pre- and post-course 5-question survey of first- and second-year medical student attendees.[@b22-amep-8-675] Upon implementation of this enrichment elective and in order to evaluate various training modalities further, a different methodology in the form of comparison with a control group was used. In doing so, first-year medical students who completed the optional Diabetes Enrichment Elective, completed the inpatient DSMES volunteering training session (with the opportunity to subsequently participate in the diabetes inpatient volunteer program), or had no such training were emailed an anonymous and optional survey. The survey included demographic questions regarding age/sex, questions regarding students' participation in various DEPO training/volunteer programs, and a 6-question survey. The survey was preceded by a consent form providing information about the survey and that the completion of the survey was deemed to be agreement of consent.

The questions in the 6-question survey were intended to assess the students' comfort with regard to DSMES knowledge and the ability to discuss such information with patients. In doing so, the results of the survey were intended to assess the efficacy of various DEPO training/educational programs as well as the diabetes inpatient volunteer program in increasing first-year medical students' comfort in discussing diabetes self-management with patients as compared to those receiving no such training. A 5-point Likert scale was used for responding to the 6-question survey. Mann--Whitney *U* test and descriptive analyses were utilized to assess the results of the survey. The study was approved by the Institutional Review Board of the University of Arizona.

Results
=======

A total of 18 (8 female and 10 male) first-year medical students responded to the survey, with 8 of these students having received no DEPO training/education ([Table 2](#t2-amep-8-675){ref-type="table"}). Of those who received some form of DEPO training/education (with some having also participated in the inpatient DSMES volunteer program), 30% (10 of 33) of students responded to the emailed survey. Of the 10 respondents who participated in some form of DEPO training/educational program, two (20%) students participated only in the Diabetes Enrichment Elective, three (30%) students participated in the Diabetes Enrichment Elective as well as the 3-hour diabetes inpatient volunteering training, three (30%) students participated in the 3-hour diabetes inpatient volunteering training as well as volunteering within the program, and two (20%) students participated in all three programs (ie, Diabetes Enrichment Elective, 3-hour diabetes inpatient volunteering training, and volunteering within the inpatient program). The majority (86%) of respondents who participated in the Diabetes Enrichment Elective attended three or more sessions. All 5 (100%) of those who participated in the inpatient volunteer program volunteered three or more times prior to the completion of the survey.

The 6-question survey results of first-year medical students who had participated in any form of DEPO DSMES training were compared with the results of those with no such training. Statistical analyses were performed by using SPSS Version 24 (IBM Corporation, Armonk, NY, USA). A Mann--Whitney *U* test revealed a statistically significant difference in students' confidence in 4 of the 6 areas assessed favoring the group who participated in any form of DEPO DSMES training/volunteering (U=13--18, z=−2.035--2.527, *p*\<0.05; [Table 3](#t3-amep-8-675){ref-type="table"}). A medium to large effect size was detected (r=0.48--0.59). The areas in which a significant improvement was seen included, students' confidence in assessing patients' understanding of diabetes, sick day diabetes management, and lifestyle modifications. There was no statistically significant difference in students' confidence in discussing monitoring/managing blood glucose or signs, symptoms, and treatment of hypoglycemia between the two groups. The relationship between training and confidence in discussing blood glucose monitoring and hypoglycemia was medium (r=0.4 and 0.35, respectively).

Discussion
==========

In this study, we assessed and compared the effectiveness of supplemental training on practical aspects of diabetes care and self-management on first-year medical students' confidence in addressing various aspects of DSMES with patients with diabetes. Through a survey, students who participated in any form of DSMES training/volunteer program reported statistically significant increased confidence in most assessed aspects of providing DSMES compared with those who did not participate in any training. The fact that disease-specific extracurricular education can be beneficial in medical training has been characterized in the literature. A previous study determined that an online bank of diabetes-based clinical cases could address junior doctors' confidence in managing patients with diabetes.[@b24-amep-8-675] In a study previously published by our group, it was demonstrated that a preclerkship Diabetes Enrichment Elective improved medical students' confidence in specific aspects of DSMES discussions with patients.[@b22-amep-8-675] The current study differs from our previous one in that it assesses the effectiveness of various training modalities in this area versus a single modality evaluated previously. Furthermore, the current study presents stronger methodology with using comparison with a control group versus the previous retrospective pre-/post-course survey of same subjects. We also used a 5-point Likert scale versus a 4-point one used in the previous study to expand the results. Several other studies have shown positive results in implementing similar programs with pharmacy students.[@b25-amep-8-675]--[@b28-amep-8-675] The results of the present study are consistent with those of previously published studies, which emphasize the potential benefits of implementing such programs. Our study differs from such studies in the population included and in the fundamental components of the educational interventions, including the direct inpatient experience provided to students allowing for patient interaction.

Furthermore, our study expands on these results by comparing specific supplementary educational modalities with the determination that the specific modality may not be critical to the overall benefit.

The results of the survey also indicated that despite the reported higher confidence in discussing management/monitoring of blood glucose or signs, symptoms, and treatment of hypoglycemia by those who received training, the difference between the two groups was not statistically significant. These results were not consistent with a previous study performed by our group, in which a diabetes enrichment elective improved medical students' confidence in addressing these topics.[@b22-amep-8-675] In the current study, a medium relationship was found between training and confidence in these areas with r\>0.3. The small sample size reduces the test's power to detect a statistically significant difference between groups, if one exists.

A previous study has shown significant improvement in confidence and knowledge of doctors in training following the implementation of diabetes-specific education programs.[@b29-amep-8-675] Comparison of absolute effects, however, was not performed due to the inherent differences in measurements across the studies and use of nonvalidated surveys. Still, our results suggest that while educational intervention had a positive impact on medical students' confidence regarding the subject, the absolute impact may be a point of emphasis in future studies.

A limitation of this study was the small sample size and, hence, lack of ability to perform a subgroup analysis to compare the various training/volunteering modalities. Another limitation was that participants consisted entirely of first-year medical students, which may limit the generalizability of the results. Last, this study did not use a validated survey form, but rather a targeted form for the assessment of the effectiveness of the curriculum. However, the results of this study suggest the potential benefits of extracurricular disease-oriented education in medical training.

Future studies are required to evaluate the effect of DSMES provided by medical students on patient outcomes including hospital readmission.

Conclusion
==========

This study suggests the beneficial impact of various diabetes-specific, DSMES-focused, preclerkship training modalities in forms of Diabetes Enrichment Elective, a 3-hour endocrinologist-led training session, and/or involvement in an inpatient DSMES volunteer program in supplementing medical students' education with practical knowledge while improving their confidence in providing such training/support to patients with diabetes.
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###### 

Diabetes enrichment elective schedule

           Session title                                                                      Instructor(s)
  -------- ---------------------------------------------------------------------------------- ----------------------------------------------------
  Week 1   Overview of diabetes                                                               Endocrinologist
  Week 2   Diabetes prevention                                                                Endocrinologist
  Week 3   Diabetes and fitness/exercise: why is exercise good for diabetes                   Endocrinologist
  Week 4   Overview of diabetes medications                                                   Pharmacist-certified diabetes educator
  Week 5   Proper insulin injection technique, mixing, and storage/blood sugar self-testing   Pharmacist- and nurse-certified diabetes educators
  Week 6   Insulin pump therapy overview                                                      Pharmacist-certified diabetes educator
  Week 7   Diabetes nutrition and healthy eating                                              Registered dietitian-certified diabetes educator

###### 

Survey participants' characteristics

  Characteristics                                              n (%)
  ------------------------------------------------------------ ----------
  Male                                                         10 (56)
  First-year medical students                                  18 (100)
  Involvement in DEPO diabetes-related training/volunteering   10 (56)
   DEE only                                                    2 (20)
   DEE + IVPT                                                  3 (30)
   IVPT + IVP                                                  3 (30)
   DEE + IVPT + IVP                                            2 (20)

**Note:** n=18.

**Abbreviations:** DEE, Diabetes Enrichment Elective; DEPO, Diabetes Education, Prevention, and Outreach; IVP, inpatient volunteering program; IVPT, inpatient volunteering program training.

###### 

Survey questionnaire and results

  Questions                                                                                                                       Some form of DEPO training/volunteering (n =10)   No DEPO training/volunteering (n =8)   Mann--Whitney *U* test   *Z*-value   Two-tailed *p*-value                                                               
  ------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------- -------------------------------------- ------------------------ ----------- ---------------------- ---------- --- --- --- --- --- ------------ ------ -------- -------
  1\. What is your confidence level in assessing patient's understanding of diabetes?                                             1                                                 1                                      2                        5           1                      4 (1--5)   0   4   4   0   0   2.5 (2--3)   18     −2.035   0.043
  2\. What is your confidence level in discussing overview of diabetes with patients?                                             0                                                 2                                      1                        7           0                      4 (2--4)   1   3   4   0   0   2.5 (1--3)   13     −2.527   0.009
  3\. What is your confidence level in discussing monitoring/managing blood glucose with patients with diabetes?                  0                                                 3                                      4                        3           0                      3 (2--4)   3   3   0   2   0   2 (1--4)     21.5   −1.706   0.113
  4\. What is your confidence level in discussing signs and symptoms and treatment of hypoglycemia with patients with diabetes?   0                                                 3                                      4                        3           0                      3 (2--4)   1   3   4   0   0   2.5 (1--3)   24.5   −1.474   0.158
  5\. What is your confidence level in discussing sick day diabetes management with patients with diabetes?                       1                                                 3                                      3                        2           1                      3 (1--5)   5   2   1   0   0   1 (1--3)     13     −2.485   0.014
  6\. What is your confidence level in discussing lifestyle modifications with patients with diabetes?                            0                                                 1                                      2                        5           2                      4 (2--5)   1   1   5   1   0   3 (1--4)     16     −2.243   0.022

**Note:** n=18.

**Abbreviation:** DEPO, Diabetes Education, Prevention, and Outreach.
